A vector which expresses the herpes simplex virus type 1 (HSV-1) (strain 17) DNA (11, 28) . pLA8 contains a 4.5-kilobase (kb) Sacl fragment extending from nucleotide 6339 (the SacI site) through the polyadenylation signal at nucleotide 8287 and then some 2.6 kb further. The 3' EcoRl site in pLA8 is approximately 1.5 kb downstream from the presumed DNA polymerase gene polyadenylation signal (28) .
The study of eucaryotic DNA polymerases should yield information useful for the rational design of drugs for antiviral therapy and a deeper understanding of the regulation of cell proliferation. The herpes simplex virus (HSV) DNA polymerase serves as a model system for studying eucaryotic polymerase substrate specificity. Genetic studies of temperature-sensitive and antiviral drug-resistant HSV mutants specifying altered polymerases have established that a viral gene encodes the DNA polymerase and that it is essential for viral DNA replication (3, 18, 30) . The HSV DNA polymerase has been purified and characterized with respect to substrate specificity, reaction kinetics, and sensitivity to inhibitors such as acycloguanosine, adenine arabinoside, or phosphonoacetic acid (8) (9) (10) . Polymerases specified by drug-resistant HSV mutants have altered binding affinities for either PPi or deoxynucleotide 5' triphosphates (8, 18, 32) . Other HSV mutants selected for decreased mutation frequency encode DNA polymerases with diminished binding affinity at the deoxynucleotide 5' triphosphate site (15) .
Correlation of the DNA sequence for the HSV polymerase gene (11, 28) with mapping of polymerase drug resistance mutations by fine structure marker rescue (5, 11) indicates a clustering of drug resistance mutations in, roughly, the carboxyl-terminal half of the polymerase coding sequence. This clustering of mutations has been interpreted as possibly defining a functional domain of the enzyme, perhaps a deoxynucleotide 5' triphosphate-binding site (11, 18) (28) . The oriL sequence has proven difficult to clone in undeleted form in conventional plasmids (24, 35) . Therefore, a strategy was devised to clone the HSV DNA polymerase gene by * Corresponding author. using restriction fragments which lack oriL sequences. We report here the molecular cloning of the entire coding sequence for the HSV DNA polymerase gene.
The expression of heterologous genes from simian virus 40 (SV40)-derived vectors in COS cells is an efficient and versatile technique for studying viral gene products (6, 13 (28) . The 5' BamHI site is 153 base pairs upstream from the presumed polymerase initiation codon (11, 28) . pLA8 contains a 4.5-kilobase (kb) Sacl fragment extending from nucleotide 6339 (the SacI site) through the polyadenylation signal at nucleotide 8287 and then some 2.6 kb further. The 3' EcoRl site in pLA8 is approximately 1.5 kb downstream from the presumed DNA polymerase gene polyadenylation signal (28) .
A vector which expresses the polymerase gene was constructed by reconstituting the 3,705-base-pair open reading frame and placing it downstream from the SV40 early promoter (Fig. 1) . Ligation of the 1.9-kb BamHI-SacI fragment from pWM121 and the 3.9-kb SacI-EcoRI fragment from pLA8 brought the 3,705-base-pair polymerase reading frame into contiguity upstream from the appropriate 3' regulatory sequences. The SV40 replication origin and early promoter-enhancer sequences are derived from the plasmid pSV2CATs, which contains a 342-base-pair PvuII-HindIII SV40 DNA fragment (nucleotides 270 through 0 or 5243 to 5171) (14, 33) . Strategy for construction of an expression vecl HSV-1 DNA polymerase gene. pWM121 DNA was digested with BamHI and Sacl, and the 1.9-kb BamHI-SacI HSV DNA fragment was purified from agarose gels. A 3.9-kb EcoRI-SacI HSV DNA fragment was obtained from pLA8 and ligated into pUC13 between the BamHI and EcoRI sites adjacent to the 1.9-kb BamHI-SacI fragment (25) . The resulting construction, pD5, was digested with HindIII and SspI to yield a 7.1-kb fragment, which was gel purified and ligated to a complementary 2.0-kb SspI-HindIII fragment of pSV2CATs. The SspI site lies within the P-lactamase gene, and selection for ampicillin-resistant recombinants yielded pD7, 9.1 kb. The SV40 early promoter, derived from pSV2CATs, is oriented upstream from the HSV DNA polymerase-coding sequence in pD7. Plasmid DNA was prepared, digested with restriction enzymes, ligated according to standard protocols, and transfected into Escherichia coli HB101 as previously described (24) . Plasmid pD5 was constructed by using the vector pUC13 (33) .
The polymerase-coding sequences were mobilized from the intermediate construction pD5 (Fig. 1) (34) . The resulting construction, pD7, contains a functional SV40 replication origin and early enhancer-promoter sequence upstream from the HSV DNA polymerase-coding sequence, with native HSV 3' regulatory sequences on a 9.1-kb pUC13-derived plasmid.
To confirm that polymerase gene expression occurs from the pD7 vector by using a heterologous promoter, COS-1 cells transfected with pD7 were examined for the presence of polymerase-specific RNA. At 96 h after transfection by the DEAE-dextran method, cellular RNA was extracted and analyzed by the Northern blot procedure with a pol-specific hybridization probe (4, 12) . The cells transfected with pD7 contain a transcript at 4.3 kb (Fig. 2, lane B (1) . A complementation test which assays for the activity of the cloned polymerase gene indicates that pD7 can provide the polymerase gene product in a transient expression system (Table 1 ). The complementation test was done at several multiplicities of infection. Very high multiplicity (greater than 10) led to interference, and low multiplicity (less than 1) failed to complement because of the statistically predictable low rate of coinfection (data not shown). The multiplicities of infection used in this study (5, 2.5, and 1) are those at which the average number of infectious virus particles per cell is close to one. The complementation indices are low compared with those obtained for most complementing temperature-sensitive HSV mutants, in the range of 300 to 3,000 (2, 27, 30) . The low degree of complementation observed is most likely due to the small proportion of cells in a monolayer which actually receive and express a transfected plasmid. Estimates based on the efficiency of other DNA transfection systems (6, 13, 31) are around 1%; therefore, the complementation indices observed are consistent with a 1 to 5% efficiency of transfection and very efficient complementation in coinfected cells. The complementation indices observed in this study are comparable to those observed for a transfected HSV ICP8 gene (27) .
The 5' end of the polymerase coding region is unusual in that 124 nucleotides upstream from the ATG marking the beginning of the 3,705-base-pair open reading frame is a short open reading frame which could encode a decapeptide. The proposed transcriptional origin is 50 base pairs upstream from the decapeptide-coding region, with the sequence AATAAA at the -25 region and the sequence CATAAA at -75 (11, 28) . pD7 contains the HSV-1 DNA polymerasecoding sequences downstream from the BamHI site (nucleotide 4392), 30 base pairs upstream of the short blocked potential coding sequence. (17, (19) (20) (21) (22) (23) 26 
